Summary. This paper reviews the sequence of events in stimulus-secretion coupling in neurons and paraneurons which can be divided into three main steps: the reception of the stimuli, the conduction of excitation, and the extrusion of messenger substances. One physological criterion of the paraneuron is that its conductile region is believed to be short enough to transmit the net electrogenesis to the output portion. This contrasts with the neuron in which the depolarization in the input region can initiate spikes which in turn propagate via the axonal membrane to the output portion. The final step of the coupling, the extrusion of the secretory products by exocytosis, is common between neurons and paraneurons.
The intracellular messengers acting rather directly in exocytosis are [Ca2+] and diacylglycerol; both of these seem to be under physiological control. An increase in [Ca2+] may also act on mitochondria to acceleate the synthesis of ATP, which may be used as the principal energy source and substrate for diacylglycerol-induced protein phosphorylation. In contrast to the common mechanism in the extrusion step of messenger substances, there is a wide diversity in the reception step in the variety of chemical and physical stimuli. This diversity is recognized not only among various neurons and paraneurons but also among the same type of cell in different species and at different stages of adaptation.
STIMULUS-SECRETION COUPLING IN PARA-NEURONS
Secretion broad has been defined as being a chain of processes which generally include four main steps: the ingestion of raw materials from the extracellular medium, the biosynthesis of the secretory substances, intracellular transport, and extrusion. In previous reviews (KANNO, 1977 (KANNO, , 1979 (KANNO, , 1980 , I have pointed out that the former three processes of secretion in paraneurons can hardly be distinguished from the corresponding processes of neurons, and that the physio logical criterion for categorizing the typical paraneuron from the typical neuron is in the process of extrusion, which is a narrowly defined process of secretion.
The sequence of events in stimulus-secretion coupling in neurons can be divided into three main steps: the reception of stimuli, the conduction of excitation, and the extrusion of messenger substances. These three main steps occur in neurons in three functionally different membrane structures: The receptive or input portion is generally the dendritic zone and the soma (perikaryon), and the terminal or output portion may have terminal branches or an unbranched process; the conductile portion between the input and output sites is generally long. The output portion of the presynaptic neuron releases a messenger substance (chemical transmitter) into the synaptic cleft, and the binding of the transmitter with the receptors on the postsynaptic membrane in the postsynaptic neuron may induce either depolarization (excitatory postsynaptic potential, EPSP) or hyperpolarization (inhibitory posynaptic potential, IPSP) of the latter neuron. When the net electrogenesis of the input is depolarization, it can initiate spikes in the conductile, spike-generating portion.
Paraneurons are believed to show essentially identical regional differentiation in the cell membrane, provided that their conductile region is short enough to transmit the net electrogenesis to the output portion without generating spikes. However, spikeless communication among neurons has also been proposed for the neural mechanism underlying the facilitatory and inhibitory interactions of behavior in crayfish locomotion (HISADA, 1984) . Some Paraneurons can produce Na or Ca spikes during the stimulus-secretion coupling (for reference see FUJITA et al., 1988) . Thus, the essential and universal feature of the neuron is not its spike-generating property but secretory activity.
It has long been believed that the increase in cytoplasmic concentrations of the calcium ion, [Ca2+] is a necessary and sufficient link in stimulus-secretion coupling in a wide variety of secretory cells including neurons and paraneurons (reviews: DOUGLAS, 1968; FUJITA et al., 1988) . Thus an increase in [Ca2+]c from a resting level of about 0.1uM to about 1uM concentration suffices for inducing secretory response in various secretory cells. However, some investigators claim that this is not strictly the general rule anymore, as several studies show that an apparent independence of [Ca2+] or even a decrease in [Ca2+] may be the trigger for secretion (for reference, KNIGHT, 1988) . BERRIDGE (1984) has claimed that the key reaction of the transducting mechanism of hormones and neurotransmitters is a receptor-mediated hydrolysis of the phosphoinositides giving two products (diacylglycerol and inositol triphosphate), both of which may function as intracellular messengers to initiate the signal cascade. Inositol triphosphate seems to act by mobilizing intracellular calcium, whereas diacylglycerol stimulates protein phosphorylation. In the pancreatic B cell, the initial secretory burst induced by bombesin results from the synergistic action of the high [Ca2+] produced by inositol triphosphate and diacylglycerol-activated protein kinase C, and the activation of protein kinase C alone appears to be sufficient for a sustained secretory response (SWOPE and SCHONBRUNN, 1988) .
However, it is kown that the mechanisms by which fuel stimuli and neurotransmitter agonists such as acetylcholine activate B cell messenger systems are essentially different (PRENTKI and MATSCHINSKY, 1987) . A very early event in acetylcholine action is the triggering of Cat-independent inositol phosphate breakdown. In contrast, recent literature favors the view that fuel stimuli induce a phospolipid response secondarily to the Ca2+ influx (PRENTKI and MATS-CHINSKY, 1987) . By electropermeabilization of the plasma membrane to calcium buffers placed in the extracellular medium, BAKER and KNIGHT (for reference, KNIGHT, 1988) have studied the in tracellular factors controlling exocytosis in many secretory systems including endocrine, paracrine, exocrine and neuronal cells (for reference, KNIGHT, 1988) . KNIGHT (1988) proposed that the primary messengers acting rather directly in exocytosis may be [Ca2+]c and diacylglycerol, and that both of these are under physiological control. However, in the B cell, indisputable evidence for an obligatory physiological role of protein kinase C is still missing, and the enzyme's status as a critical coupling signal should be viewed as only putative (METZ, 1988) . That phospholipase C activation is a general mechanism for [Ca2+]Q-dependent secretion seems unlikely, though possible. In chromaffin cells, FISHER et al. (1981) showed that phosphatidylinositol turnover is not required for secretion, and thus the two are distict processes. Phospholipase C instead may represent a parallel, indirect pathway for a triggering release (FUGUSTINE et al., 1987) .
STIMULUS-SECRETION COUPLING IN ENTERIC PARANEURONS
Regional difference can be distinguished in the "opentype" gastro-enteric paraneurons: their receptive input portion is open to the mucosal side, and their terminal output portion faces the blood capillary (Fig. 1 ). This regional difference was examined in a cell secreting CCK (CCK cell) by administering a synthetic trypsin inhibitor, FOY 305, into the lumen of an isolated perfused rat duodenum (KANNO et al., 1979 (KANNO et al., , 1980 . Infusion of FOY 305 into the duodenal lumen caused a detectable CCK release. Omission of CaC12 from the solution perfusing the blood vessels of the isolated duodenal preparation diminished this CCK release to an undetectable level, despite the fact that the fluid in the duodenal lumen contained cal- cium. This stimulating effect of FOY 305 inducing a [Ca] dependent CCK release was not inhibited by luminal or vascular application of tetrodotoxin (TTX), suggesting that the TTX-sensitive Na spike may not be involved in the stimulus-secretion coupling in the CCK cell. Our recent study (KANNO and ASADA, unpublished data) showed that infusion of 0.02N HCl into the duodenal lumen caused the release of CCK and secretin, and that omission of CaCl2 from the solution perfusing the blood vessels of the isolated duodenal preparation did not diminish these CCK and secretin releases. A possible mechanism involved in the [W]o-induced releases of CCK and secretin may be an intracellular release of Ca2+ from Ca storage sites via inositol 1, 4, 5-triphosphate (IP3) and diacylglycerol stimulating protein phosphorylation via activation of protein kinase C (Fig. 2) . The efficacy of the resultant increase in [Ca2+] to induce multiple exocytosis may be accelerated by a concomitant increase in cyclic AMP. The mechanism may essentially be similar to that in the other paraneurons. KINNAMON and ROPER (1986) reported that acid gastatory stimuli depolarized Necturus taste cells in situ by recording the K conductance. AVENET and LINDMANN (1987) dissected taste discs from the tongue of frog, Rana ridibunda, dissociated the gustatory receptor cells, and carried out their study using the patch-clamp technique. They found a voltage-gated TTX-blockable Na current and voltage-gated K currents which were blocked by Ba, and that the K currents were blocked by cyclic AMP.
In taste receptor cells isolated from frogs, Rana esculenta, AVENET et al. (1988) recently showed with whole-cell recordings and inside-out membrane patches that the depolarization caused by cyclic AMP was accounted for by the action of cyclic AMP-dependent protein kinase, which inactivated K channels. TONOSAKI and FUNAKOSHI (1988) reported that cyclic AMP, cyclic GMP, EGTA or tetraethylammonium electrophoretically injected into the mouse taste cell induced membrane depolarization and increased membrane resistance. These results suggest that a cyclic nucleotide enzymatic cascade, modulated by Ca2+, may mediate the K permeability that controls taste.
A demonstration that two distinct populations of secretory granules exhibit quite different types of exocytosis has been made by KNIGH et al. (for reference, KNIGHT, 1988) in the platelet. Thus, at low [Ca2+] a rise in diacylglycerol induced by either thrombin or collagen will trigger the release of serotonin but have little effect on lysosomal release until [CaZ+] is also elevated. 
DIVERSITY IN THE PROCESS OF THE RECEP-TION OF STIMULI
Results mentioned above show that the transcellular process between the input and the output region is different for the FOY 305-induced and the [H+]0-induced secretory response in the CCK cell. The difference may lie not only in the stage of stimulus reception but also in the intracellular messenger system. A similar difference has also seen noticed in the taste cells.
The receptor for the protease inhibitors in the input region of CCK cell in the rat may be specified and not directly correlate with the potency inhibiting protease (YONEZAWA, 1984) . Our recent study demonstrated that intraduodenal administration of FOY 305 caused the distinct release of CCK in anesthetized rats but little, if any, release in anesthetized guinea pigs. These results suggest that the receptor for FOY 305 in the input region of CCK cell may be specified in the rat but not in the guinea pig.
A possible localization of a voltage-dependent Ca channel in the output region of CCK cell in the rat may also support the view that there is a mechanism regulating intracellular protein topogenesis. The mechanisms for the incorporation of proteins in membranes and organelles (SABATINI et al., 1982) may play cardinal roles in regional differentiation of paraneurons as well as neurons.
